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(Source: http://en.wikipedia.org/wiki/File:Heidal.jpg) 

Gudbrandadal,  

Norway 

(2007) 
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I.  A brief history of greenroofs 



Berlin, 

Germany 



Rockefeller 

Center 

(1936) 

http://urbangreens.tumblr.com/ 



Intensive greenroofs 

Christa Reuter Kunsthaus Wien 

Waldspirale: Darmstadt, Germany 



Extensive greenroofs 

(www.greenroofs.org) 

(Berndtsson 2010) 

Ford Motors, Michigan 

 



How to define a greenroof? 

http://www.toronto.ca/greenroofs/what.htm http://www.princetonreview.com/green-honor-roll.aspx 



 

Queens botanical garden 

http://www.nytimes.com/2004/09/16/garden/16BOTA.html 

– Construction and  

     maintenance  
           (Ryerson University 2005) 

– Habitat/Greenspace  
          (Jones 2002, Brenneisen 2003) 

– Air Quality 

– Sound buffer 

– Social benefits 
 

– Energy savings 
          (Saiz et al. 2006) 
 

– Stormwater 

management 

 
http://www.roofmeadow.com/case-studies/selected-case-
studies/queens-botanical-garden-visitor-adminstration-building/ 

II. “What Greenroofs do” 
 

Provide Multiple ecosystem services 

 



Greenroof temperature comparisons 

Susca  et al. 2011 



http://www.brikbase.org/sites/default/files/best3_sailor.pdf  

Sailor et al. 2012 



NASA-JSC Building 12: Substrate Temperature 

http://greenroofsensing.net/chart/show/16    

http://greenroofsensing.net/chart/show/16
http://greenroofsensing.net/chart/show/16
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Altered Water Cycle for an Average Year 

Graphic courtesy of Meliora Environmental Design 



Washington, DC 



Impervious Area 
(Square Feet) 
 

ERU 
 

ERU Rate 
 

Monthly Cost 
 

100-600 0.6 $9.57 $5.74 

700-2,000 1.0 $9.57 $9.57 

2,100-3,000 2.4 $9.57 $22.97 

3,100-7,000 3.8 $9.57 $36.37 

7,100-11,000 8.6 $9.57 $82.30 

11,100 and more 13.5 $9.57 $129.20 

Beginning in FY 2011, all residential customers are assessed ERUs based 

upon the amount of impervious surface on their property  and the following 

six-tier rate structure:  

Economic Driver for Green Roof Installation  
 

 Washington DC, Impervious Area Charge 

FY 2011 Rates from: http://www.dcwater.com/customercare/iab.cfm  

( = 0.25 acres) 

http://www.dcwater.com/customercare/iab.cfm


Impervious Area 
(Square Feet) 

 

ERU 
 

ERU Rate 
 

Monthly Cost 
 

% Increase 
(from FY11) 

100-600 0.6 $16.75     $10.05   

75.1% 

700-2,000 1.0 $16.75   $16.75  

2,100-3,000 2.4 $16.75   $40.20  

3,100-7,000 3.8 $16.75   $63.65  

7,100-11,000 8.6 $16.75 $144.05  

11,100 and more 13.5 $16.75 $226.13  

FY 2015 Rates (Effective 10/1/14) are $16.75 per ERU 

Economic Driver for Green Roof Installation  
 

 Washington DC, Impervious Area Charge 

FY 2015 Rates from: http://www.dcwater.com/customercare/rates.cfm#currentrates   

( = 0.25 acres) 

http://www.dcwater.com/customercare/rates.cfm
http://www.dcwater.com/customercare/rates.cfm


III. NASA-JSC Building 12 Green Roof 



http://www.nasa.gov/centers/johnson/home/green_roo
f.html 

“The total plant count is approximately 67,413.” 

“There are 1.2 million pounds of growing media (soil).”  



Dakota Mock Vervain 

Dwarf Pink Ruellia 

Red Stonecrop 

Rocky Point Ice Plant 

Sedum mexicanum 

Sedum Rupestre ‘Angelina’ 



Greenroof monitoring challenges: how to 

monitor/demonstrate reduced runoff 



Greenroof monitoring solution: 

  Simple Water Balance Approach 

     i.e.,  A – B = C, where: 

 

 

Rainfall 

(INPUT) 

 

System 

removal  

(δET / δt)  

– 
 

Runoff 
  

= 

So -- if we know A and B at any given time,  

we can predict C  (= Ĉ) 

(A) (B) (C) 



Modeling the Green Roof Water Cycle 

Olyssa Starry,  PhD Dissertation 2013 
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Measuring ET as change 

in substrate VWC 



  Building 12:  EM50G Network Installed 02/14/14 
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Summary of Environmental Conditions:  

2/2014-8/2014 

Min Max Daily  

Average  

Temperature (F) 28.76 98.24 73.06 

Solar radiation 

–daily total 

(W/m2) 

0 1168.21 232.70 

Relative 

humidity (%) 

21.97 100+ 78.22 

Wind Speed 

(m/s) 

0 7.042 1.54 

Precip (mm) 0 69 N/A 



Houston Case study from 2/2014-8/2014 

 
 

Rainfall+ 

irrigation 

(INPUT) 

System 

removal  

(δET / δt)  
– 

 

Runoff 
  

= 

 
 

497mm + X 

(461,000L) 

332mm 

(308,000L) – 

 

165mm +Y 

(153,000L) = 

2.45 MJ per m2 is able to vaporize 0.001 m or 1 mm of water 



http://www.brikbase.org/sites/default/files/best3_sailor.pdf  

Sailor et al. 2012 

Energy savings: 



Green Roof Monitoring Area 

Predictive  Model 

Data Storage 

Local  
Computer 

Cloud  
Server 

Sensorweb Software 

Researcher Input 

Remote Computer 
or 

Smartphone 

Data  Analysis 

EM 
50G 

EM 
50G 

EM 
50G 

EM 
50G 

EM 
50G 

Sensor Networks – Monitoring Green Roofs 



http://greenroofsensing.net  

http://greenroofsensing.net/
http://greenroofsensing.net/


NASA-JSC Building 12: Irrigation and Rainfall  

http://greenroofsensing.net/chart/show/6    

http://greenroofsensing.net/chart/show/6
http://greenroofsensing.net/chart/show/6


Manually Controlled (time-based) Irrigation 



Green Roof Monitoring Area 

Sensors 

Irrigation 
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Predictive  Model 

Data Storage 

Local  
Computer 

Cloud  
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Researcher Input 
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or 
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Sensor Network – Irrigation Control 

NM50 
Mon 

NM50 
Mon 

NM50 
Mon 



Sensor-Controlled (set-point) Irrigation 

7:00 8:00 11:00 1:00 2:00 3:00 4:00 5:00 



Measuring ET  as 

change in substrate 

VWC 



Non-Irrigated Green Roof Scenario 

Current Retention Efficiency:  40 - 80% 
 

Carter and Rasmussen, 2007 



Sensor Network Irrigation Control 

Precision irrigation control on green roofs will: 
 

a) Increase our ability to support more drought 

tolerant (C3) plants    Increase Diversity 
 

b) Maintain plant heath, coverage and reduce 

maintenance    Decrease Cost 
 

c) Increase stormwater removal between rain events 

       Increase Green roof Efficiency 

       Total Stormwater Capacity 



Irrigated Green Roof  Scenario 

Increased Retention Efficiency:  60 - 90%? 
 



Sensor Network Utility, Return on Investment 

Sensor networks can be used to quantify and verify runoff 

and efficiency, ultimately by using a predictive 

stormwater runoff model 

 
In Washington, DC, verification of storm water reductions 

will allow for trading water credits  
 

The stormwater retention trading program will buy proven stormwater 

reductions currently trading at $2.95 per gallon for the first 50,000 ft2, with a 

ceiling price of $3.50 per gallon [http://ddoe.dc.gov/src]  

http://ddoe.dc.gov/src
http://ddoe.dc.gov/src
http://ddoe.dc.gov/src


Houston Case study: Future goals 

• Measure irrigation to better quantify inputs 

• Use historical weather data to predict 

greenroof ET 

• Optimize irrigation to maintain plants as 

well as to maximize cooling benefits 



Near and Long-term Programmatic Goals 

• Implement Sensor-based Irrigation 
 

• Refine and revise the stormwater model 
 

• Collect additional data: 

Runoff, air quality, biodiversity, wind speed (!) 
 

• Cross-city, regional (metadata) comparisons 
 

• Integrate Sensorweb into educational and 

outreach activities 
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http://www.greenfudge.org/2009/10/17/green-roof-technology-
breathes-new-life-to-the-urban-jungle/ 

For more info visit:      

http://urbansod. 

blogspot.com 

 

Contact:                        

ostarry@pdx.edu 

Questions? 

http://urbansod.blogspot.com/
http://urbansod.blogspot.com/
http://urbansod.blogspot.com/
http://urbansod.blogspot.com/

